ABSTRACT The southern house mosquito, Culex quinquefasciatus Say, is a competent vector of human disease and an important target of mosquito abatement programs. However, these management programs have been compromised by development of insecticide resistance. In the current study, susceptibilities to naled and resmethrin, two adulticides used in mosquito abatement, were monitored using a topical and contact bioassay, respectively, in Þve Þeld-collected populations of C. quinquefasciatus (MARC, HOOD1, HOOD2, MINLOVE, and THIB). Frequencies of resistance, measured as survival after treatment with discriminating concentrations (i.e., sufÞcient to kill Ͼ90% of a reference susceptible strain) were high (88.0 Ð96.8%) in all Þeld collections treated with naled, but were variable (3.3Ð94.2%) with resmethrin. In addition, esterase activities in mosquitoes from these collections were quantiÞed using ␣-naphthyl acetate and ranged from 1.08 to 3.39 mol ␣-naphthol produced min Ϫ1 mg prot
Mosquito-borne diseases cause morbidity and mortality in hundreds of millions of people throughout the world. Mosquitoes in the genus Anopheles infect 300 Ð 500 million people every year with malaria-causing Plasmodium species, and more than one million of those people die (Snow et al. 1999) . In Louisiana, West Nile virus is primarily transmitted to humans by the Southern house mosquito, Culex quinquefasciatus Say, and threatens millions of residents. Since 2001, 990 human cases have been reported, including 62 deaths (Center for Disease Control and Prevention [CDC] 2009).
Most disease control programs use insecticides to prevent infection by killing the mosquito before transmission of pathogens can occur. The main vector targeted by mosquito abatement programs in East Baton Rouge Parish (EBRP) is C. quinquefasciatus. Pyrethroids and organophosphates (OP) are the two classes of adulticides approved for mosquito control by the Environmental Protection Agency (Rose 2001 ). SpeciÞcally, naled, an OP, and resmethrin, a pyrethroid, are applied by plane and truck, respectively, in EBRP (EBR-GW 2008) . The hypothesis tested here is that applications of these two estercontaining insecticides by mosquito control programs are selecting for esterase-mediated enhanced metabolism in populations of C. quinquefasciatus.
Esterases are associated with resistance to insecticidal esters in mosquitoes, especially OPs and pyrethroids (Hemingway and Ranson 2000) . Enhanced metabolism by esterases occurs as a result of either a qualitative change in or an overproduction of an enzyme (Devonshire and Moores 1982, Ziegler et al. 1987) . A qualitative change in an esterase occurs when a mutation of the gene results in an enzyme with heightened afÞnity for insecticide substrates. For example, a strain of C. tarsalis Coquillett expresses a mutant carboxylesterase that allows enhanced metabolism of malathion compared with a susceptible strain (Ziegler et al. 1987) . In addition, quantitative changes in esterase expression either through gene ampliÞca-tion or up-regulation can confer resistance. In C. pipienspallens Coquillett, a positive correlation (r 2 ϭ 0.57) was found between expression of est␣2 and increased resistance to dichlorvos (Li et al. 2009 ). Such qualitative changes may occur in conjunction with mutations that increase quantities of wild-type enzymes. Resistant head lice, Pediculus capitis L., show a 13.3-fold increase in malathion carboxylesterase activity and a 3.9-fold increase in esterases with activity toward ␣-naphthyl acetate when compared with a susceptible strain (Gao et al. 2006) .
The objectives of this study were to survey susceptibility in populations of C. quinquefasciatus and investigate the association of esterases with naled and resmethrin resistance. Results suggest that susceptibilities to both insecticides varied across EBRP, and that heightened esterase activities are associated with increased frequencies of resistance in some, but not all, populations of this mosquito.
Materials and Methods
Chemicals. Sodium phosphate (monobasic and dibasic; 99ϩ%); bis-acrylamide (ultra-pure grade); acrylamide (ultra-pure grade); N, N, NЈ, NЈ-tetramethylethylenediamine (TEMED; ultra-pure grade); Tris (biotechnology grade); ammonium persulfate (ACS grade); bovine serum albumin (BSA; biotechnology grade); and Coomassie Brilliant Blue G-250 (ultra-pure) were purchased from AMRESCO (Solon, OH). Technical grade naled (1,2-dibromo-2,2-dichloroethyl dimethyl phosphate; 90%) was donated by AMVAC (City of Commerce, CA), and resmethrin [(5-benzyl-3-furyl) methyl 2,2-dimethyl-3-(2-methylpropenyl) cyclopropanecarboxylate; 99.5%] was purchased from Chem Service (West Chester, PA). Naphthyl acetates (␣-and ␤-; 99ϩ%), Fast Blue B (90%), and Fast Blue RR (90%) salts were obtained from Sigma Aldrich (St. Louis, MO). Acetone (pesticide grade; 99.7%), phosphoric acid (85%), acetic acid (99.7%), and glycine (reagent grade) were purchased from Fisher (Kansas City, MO). Bromophenol blue dye (ACS grade) was purchased from Eastman Kodak Company (Rochester, NY). Liver powder was ordered from M.P. Biomedical (Aurora, OH). Fish food (type "L") was purchased from PETCO (TetraMin, Melle, Germany). Sodium citrate was purchased premeasured from BD Vacutainer (Franklin Lakes, NJ).
Insects. A reference, susceptible strain of C. quinquefasciatus (SEBRING-S) was obtained from Harris County Texas Mosquito Control and maintained in the Medical and Forensic Entomology Insectary in the Life Sciences Building of Louisiana State University.
The United States Department of Agriculture-Agricultural Research Station in Gainesville, FL, originally colonized the Sebring-S strain from mosquitoes collected in Sebring, FL, (Johnsen 2007) . Adults were maintained in cages and were allowed to feed ad libitum from cotton balls dipped in a 10% (wt:vol) sucrose solution. Female mosquitoes were fed through a paraÞlm membrane system that circulated hot water over chicken blood mixed with sodium citrate (0.109 M). Adults were held for 5 d in cages, then a cup containing no less 250 ml of tap water that had been "aged" (i.e., exposed to the open air for 24 h) was placed in the colony overnight to allow oviposition. The next morning, two to three egg rafts were transferred using screen mesh to 24 ϫ 40 ϫ 6 cm pans Þlled with aged tap water, and larvae were fed liver powder or baby Þsh food (2 ml; 1.25%) daily. Pupae were segregated from larvae, and adults were allowed to emerge into mosquito breeding chambers (BioQuip Products Co., Gardena, CA) that were held under a photoperiod of 10 h:14 h (L:D), 21ЊC, and at 50% RH.
For Þeld-collections, 100 Ð500 late instars and pupae were collected during 2009 Ð2010 from septic ditches in EBRP, LA from Þve areas with varying histories of insecticide treatment (Table 1) . Insects were collected using a plastic scoop with an extended handle and transported to the insectary in buckets containing water from the same site. Larvae and water were then transferred to pans in the insectary and immature insects were allowed to develop. Pupae were segregated, and adults were maintained as described above except that females were not blood fed.
The MARC (30Њ 32Ј10.88Љ N 91Њ 09Ј51.79Љ W) collection was located on East Baton Rouge Mosquito Abatement and Rodent ControlÕs property and was the only site for which gravid water (i.e., a mixture of Þsh emulsion and water) was used to collect egg rafts. Two sites, HOOD1 (30Њ 27Ј01.54Љ N 91Њ 09Ј25.60Љ W) and HOOD2 (30Њ 27Ј21.54Љ N 91Њ 09Ј26.73Љ W), were approximately one block away from each other; however, HOOD1 was a long-standing septic leak in an abandoned lot of a residential area, whereas HOOD2 was a temporary septic leak located underneath a private home. The THIB (30Њ 30Ј37.90Љ N 90Њ 59Ј52.79Љ W) site was located outside of Baton Rouge proper and was an open septic ditch. Finally, a recurrent bursting of septic pipes leading from a church created the site at MINLOVE (30Њ 31Ј29.57Љ N 91Њ 07Ј53.99Љ W). Biological Assays. Susceptibilities to resmethrin and naled were measured using residue and topical assays, respectively. Unsexed, 3Ð 6 d old adults weighing on average 2.6 mg were used in assays and were anesthetized with carbon dioxide before treatment. Mortality was scored after 18 h and deÞned by the mosquitoÕs inability to right itself after 15 s. Before each assay, stock solutions (1 mM) of insecticide were made and serially diluted using acetone. One to Þve concentrations were tested per assay. A modiÞed bottle bioassay (Plapp et al. 1987, Brogdon and McAllister, 1998) was chosen for the resmethrin exposure assays. Concentrations ranged from 0.25 to 1.10 M for SEBRING-S or 0.75Ð9.00 M for MINLOVE mosquitoes. Aliquots (1.0 ml) of resmethrin were added to 20 ml scintillation vials, which were rolled on the counter for 15 min then left to dry for 2 h. Next, 10 adult mosquitoes were placed, at random, into vials that were then sealed with cotton plugs. Vials coated with acetone served as a control. Each concentration was replicated nine to 15 times over 3Ð5 d for a total of 90 Ð150 mosquitoes exposed per concentration. No control mortality was observed.
A topical bioassay was used to test susceptibility to naled. Five doses, ranging from 2.85 to 6.65 ng/insect for SEBRING-S, or eight doses, from 11.40 to 26.60 ng/insect for THIB, were applied using a microapplicator (model M, ISCO; Lincoln, NE) Þtted with a Hamilton syringe. An aliquot (0.5 l) of naled was applied to the thoracic dorsum of 10 mosquitoes. Each group of 10 was then sealed into a 20 ml (45.64 cm 2 ) scintillation vial with a cotton plug. Each dose was replicated three to nine times over 1Ð3 d for a total of 30 Ð90 mosquitoes treated per dose. Mosquitoes treated with acetone served as a control. Again, no control mortality was observed.
For some sites, it was impractical to run a bioassay using a full range of concentrations because of the lack of available mosquitoes; so, diagnostic concentrations were calculated and used to measure frequencies of resistance. An approximate LC 90 for resmethrin (1.97 nM) and LD 90 for naled (10.83 ng/insect) were extrapolated using log-dose probit analysis from bioassay results from the SEBRING-S strain. Each dose or concentration was administered as described above and depending on abundance of mosquitoes was replicated three to nine times per site over 1Ð3 d for a total of 30 Ð90 mosquitoes treated. Mosquitoes treated with acetone served as a control. AbbottÕs formula (Abbott 1925 ) was used to correct for control mortality, which never exceeded 10%.
Synergism Bioassays. A bioassay was developed to investigate a possible synergistic effect of naled on the toxicity of resmethrin. Each determination used four 20 ml scintillation vials, and was replicated two to four times over 1Ð 4 d. Concentrations of resmethrin and naled were 0.21 M and 0.95 ng (for SEBRING-S), respectively, or 2.10 M of resmethrin and 15.2 ng of naled for MINLOVE and HOOD1. The Þrst vial (resmethrin and naled) was coated with resmethrin and contained 10 adults that were pretreated topically with naled. The next three vials served as a series of controls. The Þrst control (resmethrin only) was a vial coated with resmethrin that contained mosquitoes pretreated with acetone. The second control (naled only) was a vial coated with acetone and contained mosquitoes pretreated with naled. The third control (acetone only) was a vial treated with acetone that contained mosquitoes pretreated with acetone. All mosquitoes were allowed to dry for 30 min in sterile vials after topical treatment to minimize the effect of acetone on cuticular penetration of resmethrin. Mortality was deÞned and scored as described above. Synergism ratios (SRs) were calculated as (mortality measured in treatments with naled and resmethrin)/ (mortality with resmethrin alone) ϩ (mortality with naled alone).
Biochemical Assays. Esterase activity toward ␣-NA was measured using the spectrophotometric assay of Gomori (1953) as modiÞed by van Asperen (1962) and Grant et al. (1989) . An individual, adult C. quinquefasciatus was homogenized in 100 l of phosphate (phos) buffer (0.5 M, pH 7.0) using 10 strokes of a glass mortar and pestle, and then centrifuged at 16,000 rpm for 10 min at 4ЊC. Substrate solution was prepared by combining ␣-NA (2.26 mM Þnal) with Fast Blue B (1.3 mM Þnal) into phos buffer then Þltered through Whatman Þlter paper. Homogenate (20 l) was combined with 30 l of phos buffer and 200 l of substrate solution, then placed in a 96 well plate. Change in optical density was measured at 450 nm for 10 min using a microplate reader (SpectraMAX 190, Molecular Devices, Sunnyvale, CA) and converted to units of moles min Ϫ1 mg prot Ϫ1 using the extinction coefÞcient 9.25 mM Ϫ1 250 l Ϫ1 (Grant et al. 1989) . Three determinations, each consisting of 10, individual adults, were made in triplicate for each collection. Protein concentrations in homogenates were determined using the method of Bradford (1979) using BSA as the standard.
Native polyacrylamide gel electrophoresis was used to visualize esterases of individual, adult mosquitoes using a vertical electrophoresis unit (Hoefer ScientiÞc Instruments, San Francisco, CA) and 7.5% polyacrylamide gels in Tris/glycine buffer (0.5 mM Tris, 77 mM glycine, pH 8.0; Gabriel 1971, Gabriel and Gersten 1992 ). An individual mosquito was homogenized in 25 l of phosphate buffer (0.1 mM, pH 7.0), then combined with 5 l of 6ϫ tracking dye (0.25% Bromophenol Blue and 40% sucrose wt:vol) and centrifuged at 16,000 ϫ g for 10 min at 4ЊC. Gels were loaded with 27 l of supernatant and electrophoresed at a constant voltage (150 V) until the tracking dye was within 1 cm of the bottom of the gel. Gels were then submerged in 100 ml of 0.1 mM phosphate buffer (pH 7.0) containing 0.04% (wt: vol) of ␣ and ␤-NA for 30 min in complete darkness. Next, the solution was decanted, combined with Fast Blue RR (0.1% wt:vol) and then returned to the gel for an additional 20 min. Gels were then destained with double distilled water.
Data Analysis. Data from bioassays were analyzed using probit analysis and differences between slopes and x-intercepts were compared (Proc t-test; SAS in-stitute 2001) . One-way analysis of variance (ANOVA) (Proc GLM; SAS Institute 2001) was used to test for intersite differences between esterase activities and frequencies of resistance. Results from synergism bioassays were converted to synergism ratios (SR; mortality with naled and resmethrin/mortality with resmethrin ϩ mortality with naled alone) and t-tests were performed to determine if the ratios signiÞ-cantly differed from one (Proc t-test; SAS Institute 2001).
Results

Susceptibility of C. quinquefasciatus to Naled and
Resmethrin. Wild populations of mosquitoes collected in EBRP were resistant to resmethrin. The LC 50 of the Þeld-collected MINLOVE population (1.9 M) was 3.1 times greater than that of the reference-susceptible Sebring-S strain (0.66 M; Fig. 1) . Based on the analysis of Sebring-S, a diagnostic concentration of 1.97 M (ca. LC 90 ) was chosen to estimate frequencies of resistance to resmethrin in Þeld populations (Table 2 ). The highest frequency of resmethrin resistance was measured with HOOD1, in which 94.2% of all adult mosquitoes survived exposure to the diagnostic concentration. Collections from THIB had the next highest frequency of resistance (80.0%), followed by HOOD2 (70.7%) and MINLOVE (39.2%). The collections from MARC had the lowest frequency of resmethrin resistance (3.3%) and were the only susceptible, wild population of mosquitoes tested.
Wild populations of mosquitoes were also resistant to naled. The LD 50 of the THIB population was 32.1 ng/insect, which was 8.6 times greater than that of Sebring-S (3.74 ng/insect; Fig. 2 ). Based on these data, a dose of 10.83 ng/insect (ca. LD 90 ) was chosen to estimate frequencies of resistance to naled in Þeld collections. Unlike results with resmethrin, frequencies of naled resistance were high (i.e., Ն88.0%) and consistent. The population with the highest frequency of resistance to naled was THIB where 96.8% of all adults survived exposure to the diagnostic concentration. Collections from HOOD1 and MINLOVE had almost identical frequencies of resistance (93.9 and 93.3% survival, respectively). Mosquitoes from HOOD2 had the lowest frequency of resistance (88.0%) compared with the other Þeld collections but still had a signiÞcantly increased frequency of resistance compared with Sebring-S.
Synergism of the Toxicity of Resmethrin by Naled in C. quinquefasciatus. Naled had a synergistic effect on the toxicity of resmethrin in wild collections of mosquitoes; however, the effect was additive in tests with Sebring-S (Fig. 3) . When applied separately to HOOD1 adults, naled killed 5.0% of adults, and the dosage of resmethrin killed 15.3%. However, when the two insecticides were applied in tandem, 50.2% of mosquitoes died, a SR of 2.97 (t ϭ ϱ; df ϭ 1; P Ͻ 0.0001). Similarly, in mosquitoes from MINLOVE, naled alone killed 5.0% and resmethrin alone killed 20.0%, but the two insecticides together killed 60.0% of all adults, a SR of 2.50 (t ϭ 2.35; df ϭ 0; P ϭ 0.05). In contrast, in tests with adults from the Sebring-S strain, 15.6% of adults died with naled alone and 21.1% of adults with resmethrin, and the two insecticides combined killed 25.0% of adult mosquitoes, a SR of 0.90 (t ϭ 0.90; df ϭ 3; P ϭ 0.2184).
Esterase Activities in C. quinquefasciatus. Esterase activities were signiÞcantly elevated in four of Þve wild populations when compared with Sebring-S (Table 3) . Adult mosquitoes from HOOD1 and MINLOVE had the highest esterase activity (3.39 mol min Ϫ1 mg prot
Ϫ1
) toward ␣-NA. Similarly, elevated esterase activities were measured in collections of mosquitoes from THIB and MARC (2.80 and 2.03 mol min Ϫ1 mg prot
, respectively), and these activities were signiÞcantly higher (P ϭ 0.0002) than those measured in Sebring-S mosquitoes. However, esterase activities were relatively low in mosquitoes from HOOD2 (1.25 mol min Ϫ1 mg prot
) and were not statistically different (P ϭ 0.9918) from the susceptible, Sebring-S strain.
Electrophoretic Separation of Esterases in C. quinquefasciatus. Both inter-and intrastrain differences were observed in banding patterns of esterases and individual phenotypes were heterogeneous from both Sebring-S and MINLOVE collections (Fig. 4) . For Sebring-S (odd numbered lanes), two major bands of esterase activity were observed. The most prominent band was eb2 (57 KDa), which was evident in all individuals. A second band (eb3; 48 kDa) was visible in some but not all individuals (cf. lanes 3 and 7). With MINLOVE mosquitoes (even numbered lanes) staining was more intense, especially for eb1 and eb3. In addition, expression of eb2, the most prominent band in Sebring-S, was variable in MINLOVE (cf. lanes 2 and 4). Finally, an additional, intense staining band of esterases (eb1; 75 kDa) was observed in all individuals from MINLOVE but was not detectable in individuals from Sebring-S.
Discussion
Female C. quinquefasciatus are nuisance biters and known to vector arboviruses such as West Nile virus (Godsey et al. 2005) . In this study, susceptibilities to resmethrin and naled, two adulticides widely used within EBRP, were examined in Þeld-collected mosquitoes. Further, because both insecticides used in this area are esters, the hypothesis that reduced insecticide susceptibility was associated with altered expression of esterases was tested.
Populations of C. quinquefasciatus from EBRP were resistant to both resmethrin and naled. In all collections examined, high frequencies of resistance (Ͼ80%) were detected to the organophosphate, whereas frequencies of resistance to the pyrethroid were more variable (3.3Ð94.2%). Lowest frequencies were measured in the MARC population. This sample was collected from within a treatment zone that received 28 applications of resmethrin annually; however, the actual collection site (i.e., the EBR Mosquito Abatement facility) received no intentional insecticide treatment during the study period. In a previous study that was also conducted in EBRP, decreased susceptibilities to both an OP (9.2-to 78.1-fold) and a pyrethroid (1.6-to 3.2-fold) insecticide were detected a Synergism Ratio (SR) ϭ percentage mortality of adult mosquitoes pretreated with naled then exposed to resmethrin/(percentage mortality of adult mosquitoes after exposure to resmethrin) ϩ (percentage mortality of adult mosquitoes after exposure to naled). *Synergism ratios were signiÞcantly Ͼ1.0 (StudentÕs t-test; P Ͻ 0.05). in all populations of C. quinquefasciatus collected (Stancil 2000) . The varied susceptibility to these two classes of insecticides might be because of the fact that the use of pyrethroids began in the late 1980s whereas OPs have been sprayed since the late 1960s (Stancil 2000) .
Resistance to resmethrin and naled is associated with increased esterase activity toward ␣-NA in some, but not all samples from wild collections. In previous studies, use of enzyme assays with noninsecticide (model) substrates as an indicator of enzyme involvement in metabolic resistance to insecticides has produced variable results. Studies have shown that increased activities of esterases toward ␣-NA are correlated with increased frequencies of resistance to insecticides (Zhao et al. 1996) . In the tobacco budworm, Heliothis virescens F., esterase activity was correlated (r 2 ϭ 0.87) with increased frequencies of resistance in 15 populations examined across Louisiana (Harold and Ottea 2000) . However, in other studies no such correlation was found (Brown and Brogdon 1987, Ibrahim and Ottea 1995) . Thus, the validity of enzyme activities measured with model substrates as indicators of metabolic resistance to insecticides cannot be assumed. In the current study, collections from HOOD1, THIB, and MINLOVE expressed high esterase activity and frequencies of resistance. In contrast, MARC mosquitoes had heightened esterase activity but were susceptible to resmethrin. Finally, mosquitoes from HOOD2 had esterase activity that did not differ from that of a susceptible reference strain, but expressed a high frequency of resistance. These Þndings may reßect heterogeneity in resistance mechanisms among populations and suggest that, if they are involved in resistance, esterases are not the only resistance mechanism in these populations. In contrast, a moderate correlation was measured between esterase activities and frequencies of resistance to naled (r 2 ϭ 0.47). This Þnding suggests a possible relationship between esterase-mediated enhanced metabolism and resistance to naled in populations of C. quinquefasciatus. In addition, these Þndings suggest a different spectrum of resistance mechanisms for OPs and pyrethroids.
Qualitative differences in esterases were observed between resistant and susceptible C. quinquefasciatus and provide further evidence for the involvement of esterases in resistance. In general, electrophoretic banding patterns among individuals from all strains examined varied dramatically but staining was more intense in resistant mosquitoes, suggesting that esterases are associated with increased resistance but that multiple mechanisms have been selected in these populations. Previous research elucidating the properties of esterases associated with resistance in various strains of C. quinquefasciatus from Sri Lanka isolated two esterases, A 2 and B 2 , which were named according to their afÞnity toward either ␣-or ␤-naphthyl acetate (Ketterman et al. 1990 , Karunartne et al. 1993 . After separation by native polyacrylamide electrophoresis, band A 2 had a M r of 60 Ϯ 9 kDa (Ketterman et al. 1990) and B 2 had a M r of 57 Ϯ 3.7 kDa (Karunartne et al. 1993 ). In the current study, an esterase (eb2) with properties similar to B 2 was visualized in gels; however, expression of this enzyme was variable in resistant mosquitoes suggesting that, if it was associated with resistance, its role was variable among populations collected in EBRP.
Pretreatment with naled synergizes the toxicity of resmethrin in resistant (but not susceptible) mosquitoes with elevated esterase activity, providing further evidence that esterases play a role in the observed resistance. Similarly, in a recent study, the OP chlorpyrifos was shown to synergize the toxicities of two pyrethroids (Ahmad et al. 2008 ). Thus, it is possible that naled is inhibiting esterases that metabolize (or sequester) resmethrin in populations of C. quinquefasciatus from EBRP. This Þnding may have practical application in efforts to control this deadly, disease vector. A readily available synergist, such as naled, may extend the Þeld life of resmethrin and reduce the total amount of deleterious chemical introduced into the environment as a result of mosquito control. However, more research on the health effects in humans and other animals needs to be conducted before any recommendation to use naled as a synergist can be made.
Taken together, results from these assays suggest that expression of resistance mechanisms is variable, but esterases are associated with resistance to naled and resmethrin in some populations of C. quinquefasciatus in EBRP. The association between resistance and esterase activity, as measured here with a model, noninsecticide substrate was not absolute. The sim- plest explanation is that resistant populations are heterogeneous, and resistance is associated with esterases in some, but not all populations. Thus, other mechanisms (e.g., expression of oxidative detoxication and reduced target sensitivity) may also be expressed in these populations. A second, possible explanation is that resistance is associated with esterases, but the resistant esterase has lost (or never had) activity toward the model substrate used in these studies. This suggestion is supported by qualitative differences in banding patterns of esterases in polyacrylamide gels. Finally, coapplication of naled, an esterase inhibitor, resulted in increased susceptibility to resmethrin in resistant populations with increased esterase activities and further suggests an association between esterases and resistance; however, more work is needed before esterase-mediated enhanced metabolism can be conÞrmed as a major mechanism of resistance in populations of mosquitoes from EBRP. 
